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(57) ABSTRACT 

An apparatus, method and system is provided for treating 
sewage sludge by heating the same in a container to drive off 
pathogens and/or pasteurize the sewage sludge while the 
material is tumbled in the container and with moisture gases 
being) evaporated therefrom and drawn off from the con 
tainer. After treatment the treated sludge is discharged from 
the container. There is provided at least one weight-respon 
sive member on which the container is mounted, and a 
control is provided connected to the one or more weight 
responsive member whereby the solids content of the treated 
material can be determined by measuring the difference in 
weight of material in the container, before and after moisture 
is drawn off from the material and prior to its discharge from 
the drum. The control is preferably effected by means of a 
computer. 
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APPARATUS, METHOD AND SYSTEM FOR 
TREATING SEWAGE SLUDGE 

BACKGROUND OF THE INVENTION 

0001. It is known in the art of processing sewage sludge 
to render the sludge safe and sanitary, by various techniques 
a number of which have been approved by the Environmen 
tal Protection Agency EPA, which agency has developed 
regulations for proper treatment and disposal of sewage 
sludge. 
0002 The goal of treating sewage sludge is to neutralize 
pathogens to an environmentally safe level and to reduce 
vector attractiveness; i.e., to make the sewage sludge unat 
tractive to rats, mice, flies, etc. 
0003 Various apparatus and methods for killing patho 
gens and reducing vector attractiveness have been developed 
some of which are set forth in U.S. Pat. Nos. 5,013,458: 
5,229,011; 5,186,840; 5,405,536; 5,433,844; 5,554,279; and 
5,681.48, the complete disclosures of all of which are herein 
incorporated by reference. 
0004 Previous developments in the treatment of sewage 
sludge have sought to inexpensively stabilize the sludge 
through lime addition. These systems sometimes produced 
objectionable odors, dust and steam while producing an end 
product that was of a pastey consistency and therefore 
difficult to handle often requiring special specialized spread 
ing equipment, for spreading the resultant treated waste on 
land. Additionally, in accordance with Some existing sys 
tems, the objectionable odors, particularly ammonia, are, in 
part, a junction of the heated sewage sludge. 
0005. In accordance with the existing developed technol 
ogy, drying apparatus of various forms have been used to 
stabilize sewage sludge and produce a granular end product 
that appeared to be satisfactory, but was so extremely dry, 
for example in excess of 90% dry soilds, such that the end 
product was often dusty and difficult to handle. because such 
processes and equipment lacked the ability to determine the 
Solids concentration with a degree of precision, in that they 
simply evaporated water until the product became very dry. 
0006 Furthermore, some existing processes and equip 
ment tend to operate on a batch basis, in which the treatment 
container would be filled, and the treated material then 
drawn off, out of the container. Typically the container 
would be loaded until it became essentially full, and then 
rotors within the container, which would be fully submerged 
in the material operated to mix or tumble the material such 
that heat from the heated rotors would come in contact with 
the material. However, as moisture became drawn off by the 
heat applied, generally from the rotors within the container 
the volume of the material being processed in the batch 
became reduced, with a result that less of the rotors became 
in contact with the material that was being processed. 
Because the efficiency of Such an operation is in large part 
a function of the heated Surface area that comes into contact 
with the material that is being processed, the result is that as 
the Volume of material in the batch processing container is 
being reduced, the Surface area that is in contact with the 
material being processed is likewise reduced, causing a 
corresponding reduction in the rate of evaporation of the 
liquid, principally water, that is a component of the sludge 
that is being processed. 
0007 Additionally, current apparatus and processes that 
are in use often estimate the moisture content of the final 
product in an indirect manner, using indirect measurements 
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or timers. Consequently, the material being processed is 
dried until the temperature of the medium providing the heat 
increases Substantially, providing an indication that all of the 
moisture has been removed from the product. Thus, in such 
processes and equipment, the processing of the batch is then 
considered to be complete, although it can be extremely dry 
and difficult to handle. 

SUMMARY OF THE INVENTION 

0008. The present invention provides an apparatus, pro 
cess and system for thermal stabilization of sewage sludge, 
with moisture reduction to produce an end product having a 
Solids concentration that is predetermined, generally 
between 10% and 99% solids, with the option of lime 
treatment or treatment by other chemical additives. 
0009. Accordingly it is an object of this invention to 
provide an apparatus, process and system for treating sew 
age sludge by drying and/or other chemical treatment, Such 
as lime addition or the like, in which the sludge is delivered 
into a treatment container where it is mixed or tumbled while 
heat is applied to the material being treated, and wherein 
moisture gases principally water, is, drawn off and evapo 
rated, with the treated material then being discharged from 
the container, and wherein one or more weight-responsive 
members are used to determine the solids content of the 
material being treated, at any given time, by measuring the 
difference in weight of material in the container before and 
after moisture is drawn off from the material. 
0010. It is another object of this invention to accomplish 
the above object, with or without the addition of lime or 
other treatment chemicals for treating material in the con 
tainer. 
0011. It is another object of this invention to accomplish 
the above objects, wherein the treatment of the material can 
occur in a batch operation, a pulsed operation, or in a 
continuous operation. 
0012. It is a further object of this invention to accomplish 
the above objects, wherein the control of sewage sludge into 
the container and the discharge of treated material from the 
container, is done via a programmed computer. 
0013. It is yet another object of this invention to accom 
plish the above objects, wherein the weight-responsive 
member(s) include one or more load cells that Support the 
container. 
0014. Other objects and advantages of the present inven 
tion will be readily apparent upon a reading of the following 
brief descriptions of the drawing figures, the detailed 
descriptions of the preferred embodiments and the appended 
claims. 

BRIEF DESCRIPTIONS OF THE DRAWING 
FIGURES 

0015 FIG. 1 is an overall schematic view of an apparatus 
and process for practicing this invention, in which a con 
tainer or drum D is shown for receiving dewatered sludge or 
cake from a conveyor or pump unit P that in turn, receives 
sewage sludge from a sludge storage silo SS, and wherein 
heated fluid HF is provided to the drum D, with moisture 
being drawn off from the drum for delivery to a scrubber 
condenser SC. Lime L. may be provided from a lime storage 
silo or other chemicals CH added for delivery to the drum D. 
Various controls aid control lines are operated via a pro 
grammed computer C. Such that the treated sludge is dis 
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charged from the drum D to a discharge conveyor DC from 
which the processed sludge is discharged, at a predetermined 
desired Solids content. The processed sludge is conveyed to 
storage by a conveyor which may be used to cool the product 
before the finished product is stored in a pile or in a bulk silo. 
0016 FIG. 2 is a partial schematic view of the driver unit 
D illustrated in FIG. 1 with a portion of the casing frag 
mentalty broken away, to illustrate the internal components 
of the drum D. 
0017 FIG. 2A is an enlarged detail view of one of the 
openable discharge units for discharged treated product from 
the drum D. 
0018 FIG. 2B is a fragmentary transverse view of a 
portion of one of the rotatable disks from inside the drum D 
taken along the line 2B-2B of FIG. 2. 
0019 FIG. 2C is an illustration similar to that of FIG. 2B, 
but wherein one of the rotatable disks are shown having an 
alternative configuration to the configuration of the rotatable 
disk illustrated in FIG. 2B. 
0020 FIG. 3 is an enlarged illustration of the drum D to 
that illustrated in FIGS. 1 and 2, and wherein a portion of the 
casing of the drum is shown broken away, for clarity of 
illustration of the means for providing heated fluid to 
rotatable disks inside the drum, and between internal and 
external walls of the drum D, with the discharge units for 
discharging treated sludge from the bottom of the drum D. 
being more clearly illustrated. 
0021 FIG. 4 is an enlarged perspective view of the drum 
D with the casing being shown broken away, to better 
illustrate the rotatable shaft and disks within the drum, and 
with delivery ducts for delivering sludge to be treated into 
the drum D also being illustrated, and with a discharge 
conveyor DC also being, illustrated beneath the drum D, for 
receiving treated sludgetherefrom, and with the drum and its 
frame being illustrated, Supported on load cells for weight 
measurement. 

0022 FIG. 4A is an enlarged detail view of a cross 
section to the casing for the drum, showing a channel for 
heated fluid therein in enlarged cross-section. 
0023 FIG. 4B is an illustration of a discharge gate for 
discharging processed sludge from the drum D. at the 
bottom thereof but wherein the control for operating the 
discharge gate of FIG. 4B is an alternative embodiment to 
that of FIGS. 1, 2 and 3, being comprised of a manual 
control apparatus. 
0024 FIG. 4C is an enlarged fragmentary, longitudinal 
sectional view taken through the left end of the treated 
sludge take-off conveyor, with the illustration of FIG. 4C 
being taken generally along the line 4C-4C of FIG. 4. 

DETAILED DESCRIPTIONS OF THE 
PREFERRED EMBODIMENTS 

0025 Referring now to the invention in detail, reference 
is first made to FIG. 1 wherein there is illustrated the drum 
20, also identified by the letter “D” which functions as an 
evaporator of liquids, essentially water in the form of 
moisture. 
0026. The untreated sewage sludge is delivered via a 
from the sludge storage silo 21 with conveyors or a pump, 
also identified as “SS” in FIG. 1, having a conveyor gener 
ally designated by the numeral 22 at the bottom thereof, for 
delivering the untreated sewage sludge into a further cylin 
drical dewatering conveyor generally designated by the 
numeral 23, having an auger 24 therein for discharging the 
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sewage sludge via a discharge gate 25, in the direction of the 
arrow 26 therefrom, into a cake pump apparatus 27, also 
indicated by the letter “P”, from which it is pumped via 
delivery line 28 and its sub-delivery lines 30, 31 and 32. 
through respective controlled valves 33, 34 and 35, and then 
through entry openings 36, 37 and 38, into the drum 20, via 
respective delivery lines 40, 41 and 42. 
0027. The drum 20 is generally cylindrical and is hori 
Zontally situated as shown in FIG. 1, to have a horizontally 
disposed rotatable shaft 43 extending from the right end 44 
thereof. The shaft 43 extends through the drum 44, and 
outwardly of the left end 45 thereof, driven via a drive pulley 
46, that, in turn, is driven by a motor 47, as shown. 
(0028. Heated fluid (HF) is provided via a thermal fluid 
heater 50, delivering the heated fluid via line 51 to the 
interior of the rotatable shaft 43, as will be further described 
hereinafter. The heated fluid, preferably oil, will provide 
heat within the drum 20, for heating the sewage sludge that 
is disposed therein for the driving off of moisture, generally 
water, therefrom, as the moisture evaporates from the sew 
age sludge. Such moisture, thus leaves the drum 20 via line 
52, to be delivered to a scrubber/condenser 53, also identi 
fied as “SC in FIG.1. The rate of withdrawal of the air may 
be varied to optimize moisture removal without excessive 
loss of heat. 

0029. If as part of the treatment process for the sewage 
sludge, it is desired to add lime in Some form, such may be 
provided from a lime storage silo also identified as "L' in 
FIG. 1, which periodically may have lime delivered thereto 
via line 55 from a lime delivery truck, or the like. 
0030. Also, while it is desired to add lime to the sludge 
for raising the pH of the sewage sludge, the lime may be 
delivered from the storage silo 54, through the bottom 
thereof, via a discharge auger 56, having a plurality of 
discharge gates 57, 58 and 60 at the bottom thereof, for 
discharging lime via lines 61, 62 and 63 respectively into the 
drum 20 via drum inlets 36, 37 and 38, respectively. 
0031. Also, if other chemicals are desired to be added to 
the sewage sludge, for treatment thereby, Such may be 
provided from chemical hopper 64, also identified as “CH' 
in FIG. 1, to be discharged therefrom via line 65, into the 
drum 10 via line 28, or in any other delivery manner, 
preferably to enter the drum 20 via inlets 36, 37 and 38. 
0032. The entire operation can be controlled from a 
programmed computer 66, also identified in FIG. 1 as “C”. 
The computer 66 can control the operation of the sewage 
sludge discharge conveyor 23 via control line 70, the open 
ing of sewage sludge delivery gates 25 via line 71, the 
operation of the cake pump 27 via control line 72, the 
operation of sewage sludge delivery valves 33, 34 and 35, 
the operation of valve control lines 73, 74 and 75, for sludge 
delivery valves 33, 34, 35, respectively, as well as many 
other functions that will hereinafter be described. 

0033. The control of the amount and temperature of 
thermal fluid delivered via thermal fluid heater 50, via line 
51, to the drum 20, can likewise he controlled by the 
computer 66, via control line 76. 
0034. The optional delivery of lime via the lime storage 
silo 54, when it is desired to increase the pH of the sewage 
sludge, for vector control or the like, to the drum 20 can be 
controlled from the programmed computer 66 via gate 
control lines 77, 78 and 80, which respectively control the 



US 2008/00831 33 A1 

gates 60, 58 and 57 for discharge of lime from conveyor 56 
into the respective inlets 36, 37 and 38 of drum 20, as shown 
in FIG. 1. 
0035. In the event that it is desired to add additional 
chemicals into the drum 20 for further treatment of sewage 
sludge chemicals can be delivered from hopper 64 via line 
65 and delivery line 28 by opening or closing a control valve 
81, that, in turn, is controlled via line 82, also connected to 
the programmed computer 66. 
0036 Discharge from the drum 20 of dried sludge, with 
or without other components such as lime or other chemi 
cals, is controlled via the operation of material discharge 
grates 84, 85, 86, 87 and 88, as are more clearly shown in 
FIG. 3, which discharge gates are in turn, controlled by 
suitable solenoids or other control mechanisms 90,91, 92, 
93, and 94, respectively, which in turn are controlled by 
control lines 95, 96, 97,98 and 100 all of which are, in turn, 
controlled by control line 101 that is connected via control 
line 102 to the programmed computer 66. 
0037 Thus, the controlled discharge gates 84, 85, 86, 87 
and 88 allow for discharge of the treated sludge into a 
discharge conveyor 103, also identified by the letters “DC 
in FIG. 1. Then, the discharge from the discharge conveyor 
can pass via line 104 into a further storage silo truck or the 
like 105 either immediately or after being handled by 
intermediate conveyor devices (not shown), as shown in 
FIG 1. 
0038. The treatment drum 20 is mounted on horizontal 
and vertical frame members 106, 107, 108, 110 and 111, as 
shown in FIGS. 1 and 4. Generally, the horizontal frame 
members are supported by four vertical frame members, 
such as those 107 and 108, with two mounted on each side, 
(front and back) of the horizontal frame members, which 
carry the drum 20. 
0039. The vertical frame members 107 and 108 and their 
corresponding vertical frame members (not shown) at the 
rear of the drum 20 as shown in FIG. 1, are each mounted 
on weight-responsive members in the form of load cells 112 
and 113, that, in turn, may be mounted on a floor, or, as 
shown in FIG. 4, may be mounted on other floor-mounted 
horizontal supports 114, 115, and 116. The load cells 112 and 
113 are electrically connected via control lines 117 and 118, 
together, and to the programmed computer 66, via control 
line 120. The load cells may, if desired be constructed in 
accordance with one or more of U.S. Pat. Nos. 5,770,823: 
4,064,744; 4,166,997, 4.454,770, and 5,313,022 the com 
plete disclosures of which are herein incorporated by refer 
CCC. 

0040. With reference now to FIG. 2, it will be seen that 
chemicals may be added from the hopper 64 as shown in 
FIG. 1, via feed tine 69, to the sludge feed line 28, in the 
direction of the arrow 122, to pass through valves 33, 34, and 
35 via sub-feed lines 30, 31, and 32 respectively to enter the 
drum 20 via inlet openings 36, 37 and 38 from feed lines 40, 
41 and 42, as permitted by the programmed computer 66 
which controls the valves 33, 34, and 35 via control lines 73, 
74 and 75 as shown in FIG. 1. 

0041. Also, as shown in FIGS. 1 and 2, there is a hot oil 
return line 123, for returning hot oil from the drum 20 hack 
to the thermal fluid heater 50, through a pump 124 thereof 
0042. With reference to FIG. 2A, it will be seen that a 
typical discharge means 121 from each of the five discharges 
at the lower end of the drum 120 is shown in an enlarged 
detail view for greater clarity. 
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0043. With reference now to FIG. 2B, it will be seen that 
the rotatable shaft 43, disposed within the drum 20 carries 
generally plate-like cylindrical disks 125 mounted thereon, 
with the disks 125 being generally cylindrical, each having 
its outer periphery 126 spaced radially inwardly as shown at 
127 in FIG. 3, from the inner cylindrical wall 128 of the 
drum 20, Such spacing 127 preferably being approximately 
3 inches or the like to allow for free flow of sludge material 
and any other ingredients entering into the drum 20 via inlets 
36, 37 and 38, axially throughout the drum 20 between the 
ends 44, 45 of the drum, across the clearance spaces 127 
radially outwardly of the disks 125. Alternatively two or 
more rotating shafts with disks can be used to increase the 
capacity of the device. 
0044 With reference to FIG. 2, it will also be seen that 
the rotatable shaft 43 has mounted thereon a plurality of 
preferably planar plates 130, shown in phantom in FIG. 2. 
The plates 130, as is more clearly shown in FIG. 4 are 
adapted to rotate with the shaft 43, and each have an 
outermost edge 131 that is in close, but slightly spaced 
relation to the inner cylindrical wall 128 of the drum 120, for 
scraping sludge that is being treated from the inner cylin 
drical wall 128, to avoid sludge build-up thereon. 
0045. The plates 130 thereby operate as a pusher means, 
for pushing material being treated, in a circular direction as 
the shaft 43 rotates. 

0046. With reference now to FIG. 2C, an alterative con 
figuration for the shaft-mounted plates are provided each in 
the form of a segment of a disk 132, having a notch-out 133 
therein, with the disk 132 being otherwise similarly con 
Structed to the construction of the disk 125 of FIG. 2B. The 
notch-out 133 allows for additional possibilities for axial 
flow of material being processed throughout the drum 20, in 
addition to the axial flow permitted by material passing 
axially throughout the drum 20 via the radial spaces 127 
between the peripheries 126 of the disks 125 inward of the 
cylindrical inner wall 128 of the drum 20. 
0047. With reference to FIG. 4, it will be seen that 
between the rotatable disks, in addition to or instead of the 
plate-like pusher means 130, there are provided rods 133 
carried between and by the disks 125, for rotation therewith, 
as the disks 125 rotate in the direction of the arrows 126 
shown therein, to additionally act as a pusher means for 
pushing, sludge material with or without other ingredients, 
and tumbling or mixing the same within the drum 20. 
0048. At the upper left end of FIG. 4, there is shown an 
exhaust duct 134, for carrying off gases in the form of 
moisture, with or without dust or the like, via representative 
discharge lines 135, illustrated, to represent moisture being 
drawn off from liquid, principally water being evaporated 
from sludge being processed within the drum 20. The 
moisture that is drawn off is provided via line 52, to the 
scrubber/condenser 53, illustrated in FIG. 1. The rate of 
removal may be varied to maximize the removal of moisture 
while minimizing the loss of heat or BTUs. 
0049 Mounted beneath the drum 20 the discharge or 
take-off conveyor 103, extending axially therealong, as 
shown in FIG. 4, has openings at its upper end (not shown) 
for receipt of dried sludge being discharged from the drum 
20 through controlled discharge gates 84, 85, 86, 87 and 88 
as shown in FIG. 3, through openings in the top 140 of the 
discharge conveyor 103. Inside the discharge conveyor, is a 
generally helically disposed auger shaft-mounted as shown 
at the left end of FIG. 4, for axial conveyance of treated 
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sludge therealong, to be discharged therefrom, as shown via 
discharge line 104 as described above with respect to FIG. 
1. 
0050. With reference now to FIG. 4A, an enlarged cross 
sectional detail of the cylindrical wall of the drum 20 is 
shown as including an inner wall 142 and an outer wall 143 
spaced therefrom, defining a generally cylindrical space 144 
therebetween. Optionally, a layer of insulation 145 may be 
provided at, or as part of the outer wall 143, to preserve heat 
within the drum 20. 
0051. With reference to FIGS. 4A and 3, it will be seen 
that heated fluid, preferably oil provided from the thermal 
fluid heater 50 is provided via line 51, between hollow end 
wall portions 146 and 147, to enter into the cylindrical Zone 
144 described above, in the direction of the arrow 148. 
Simultaneously, heated oil passes through the rotating shaft 
150 to enter into the interiors 151 of the disks, to heat the 
exterior Surfaces of the disks which will then engage sludge 
that is being processed therein, to transfer heat to the sludge, 
for evaporation of moisture therefrom, drying the sludge, 
with the moisture then passing out through the exhaust port 
134 of the drum 20, and to the scrubber/condenser 53, via 
line 52, as described above. 
0.052. In FIG. 4B, there is shown an alternative embodi 
ment for the gates 84, 85, 86, 87 and 88 of FIG. 3, in the 
form of a discharge gate 154 having a Solenoid or other 
control 155, which is operated by a hand crank 156 or the 
like, for manually opening the gates 154, instead of the 
manner described above with respect to the gates of FIGS. 
1-3, which are controlled by the programmed computer 66. 
0053 A plurality of temperature sensors 160 may be 
present in the drum 20 for sensing the temperature at various 
locations therein, as the sewage sludge is being mixed or 
tumbled, and delivering that information via control line 161 
to the computer 66, for determining if the desired tempera 
ture, for example 72° C. is reached for a desired period of 
time, for example at least 20 minutes, for providing infor 
mation about the rate of evaporation of moisture, generally 
water from the sewage sludge being treated. 
0054 With reference now to FIG. 4C, as taken at the left 
end of the take-off auger conveyor 140, it will be seen that 
a cooling means is provided for the take-off conveyor 140, 
for cooling treated sludge in the take-off conveyor 140. The 
cooling means can be of any type, but may, for example, be 
in the form of a continuous, spiral wound tubing 164, 
between outer and inner walls 165, 166 of the take-off 
conveyor 140, with suitable water feed and discharge lines 
167 and 168, respectively, for cooling the treated sewage 
sludge that has been discharged from the drum 20, as it is 
passed through the take-off conveyor 140 by means of the 
shaft-mounted helical auger. 

Operation 

0055. In operation, the sewage sludge that is stored in the 
silo 21 is withdrawn therefrom by means of the generally 
helical conveyor 22 at the bottom thereof, and enters into a 
preferably dewatering conveyor 23, also preferably having a 
generally helical auger therein, for discharging sewage 
sludge therefrom, via the discharge gate 25, with the sludge 
then being delivered via line 26 to the cake pump apparatus 
27, from which it is pumped via line 28 and its sub-delivery 
lines 30, 31 and 32 through valves 33, 34 and 35 that are 
operated by the computer 66, to deliver the sewage sludge 
into the drum 20, through entry openings 36, 37 and 38. If 
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lime treatment is desired lime can be provided from a 
storage bin 54 that has been supplied from a truck or the like 
via line 55 with the lime then being discharged via an auger 
type conveyor 56, through gates 57, 58 and 60, to be 
provided into the drum via lines 61, 62 and 63. 
0056. If additional or different chemicals are desired to be 
added to the sewage sludge for treatment, they can be 
provided from a chemical hopper 64 via line 65 into sludge 
intake line 28, or, alternatively, directly into the drum 20 (not 
shown). 
0057. As with the cake pump 27 that has a control line 28, 
and as with the gate 25 having a control line 71, and as the 
valves 33, 34 and 35 are controlled via lines 73, 74 and 75, 
respectively, from the computer 66, so is the valve 81 
controlled via line 82 from the computer 66. 
0.058 A heat medium, preferably heated oil, is provided 
from a thermal fluid heater 50, via line 51 into the center of 
the shaft 43 of the drum 20, with the heated oil heating the 
hollow center of the shaft 51 within the drum 20, as well as 
heating the interiors 151 of the disks 125, in order to 
maximize the surface area of the heated portions of the drum 
20, to maximize the opportunity for sewage sludge contain 
ing either no additional materials, or containing lime or other 
chemicals, for maximum contact with heated Surfaces, to 
facilitate and maximize the evaporation of moisture there 
from. 
0059. When sludge is delivered into the drum 20 via 
inlets 36, 37 and 38, it has an opportunity to pass axially, or 
longitudinally through various portions of the drum, because 
of the spacing 127 between the outer peripheries of the disks 
125 and the inner cylindrical surface 128 of the drum. 
0060 Also, within the drum 20, pusher means in the form 
of the plates 130 described above and/or the rods 133, 
facilitate tumbling and pushing and otherwise mixing the 
sewage sludge within the drum 20. Furthernmore, the gen 
erally radially disposed plates 130 facilitate the prevention 
of accumulation of sewage sludge on the inner Surface of the 
cylindrical wail 128 of the drum, because such run in close 
clearance to the inner surface 128. 
0061. One or more sensors 160 can sense the temperature 
of sewage sludge within the drum 20 and communicate the 
same via line 161, back to the computer 66 to signal to the 
computer the temperature of the sludge at any given time, or 
when the sludge temperature has reached a desired prede 
termined level. 
0062. As moisture is evaporated from the sludge within 
the drum, such is drawn off via discharge vent 134 through 
line 52 to the scrubber/condenser 53, which will neutralize 
fumes, dust and the like that is drawn off from the drum 20 
during the treatment of the sludge. 
0063. The drum 20 is mounted on a plurality of weight 
responsive members 112, 113 (preferably comprising four 
Such members), which weight-responsive members are pref 
erably load cells. The load cells communicate the weight of 
the drum and its framing structure, including the weight of 
sludge entering the drum before and after water is removed, 
and in fact such load cells communicate changes in weight 
on a continuous basis back to the computer 66. 
0064. When a predetermined desired solids level is 
reached within the drum 20, the computer 66 signals the 
opening of discharge gates 84, 85, 86, 87 and 88 for the 
discharge of treated sludge from the drum 20, into the 
take-off conveyor 103, through the top 140 thereof, wherein 
the dried sludge is delivered through the cooled discharge 
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conveyor which can be cooled in the manner set forth in 
FIG. 4C, with the helical screw auger 141 delivering the 
dried and treated sludge material from the left-most end of 
the discharge conveyor 103, as shown at 104, into a storage 
silo or the like, or even a truck for carrying the same away, 
as shown at 105. 
0065. As an alternative to the computer control, if manual 
operation is desired. Such can be done via manual control of 
discharge gates 154 via a manually operated hand crank 156, 
or the like. 
0066. Thus, in accordance with the present invention, the 
process described herein effectively stabilizes sewage 
sludge by greatly reducing disease carrying pathogens and 
minimizes the potential for transmission of pathogens by 
reducing the potential for vectors to be attracted to the 
finished product. The end product can be further conditioned 
to reduce the moisture content, in effect reducing the Volume 
of product that needs to be transported and disposed. 
0067. The process environment is essentially sealed to 
minimize undesirable emissions. The end product is there 
by, S conditioned to further reduce emissions and dusting, 
and is a product of relatively uniform size and consistency. 
0068. The cooling of the end product in the take-away 
conveyor 103, serves to minimize the release of both steam 
and ammonia and also results in a hardening of the finished 
product that enhances its friability and enables the sizing of 
the product to produce a product with nominal or no odors, 
of uniform size, and having a granular consistency. 
0069. The use of load cells or other weight-responsive 
members provides a means to measure weight gravimetri 
cally, to monitor the weight of the contents of the drum so 
that through simple mathematical calculations, preferably 
performed by the computer a predetermined solids concen 
tration of the contents of the drum can be accurately and 
repeatedly produced. 
0070 The process can be practiced either in a batch 
operation, a pulsed operation, or in a continuous operation. 
0071. In a batch operation, the computer will control the 
delivery of sludge to be processed into the drum, and after 
a predetermined time, or when the heat sensors in the drum 
signal the computer to having reached a predetermined heat 
level, the gates at the bottom of the drum will be opened 
automatically as dictated by the computer, to discharge 
treated sludge to the take-away conveyor. 
0072. In a pulsed or semi-continuous mode, the system 
can be operated Such that a predetermined amount of mate 
rial is added to the drum and, Subsequently, as the initial 
material is reduced in weight through evaporation, as noted 
by the load cells or other weight-responsive means, the 
computer can signal the opening of appropriate valves for 
introduction of additional material into the drum. 
0073. Additionally, in a continuous operation, as the load 
cells repeatedly record the weight of material in the drum 
and signal the computer accordingly a rate of evaporation is 
established, enabling the computer to set a feed rate and 
operate the inlet valves that Supply sewage sludge to the 
drum at a continuous rate. 
0074 Thus there is presented a system tot thermal stabi 
lization of sewage sludge followed by additional moisture 
reduction that produces a predetermined end product con 
centration that can be between 10% and 99% solids. The 
system delivers a sludge cake to the drum, in which sewage 
sludge is thermally processed, with optional chemical treat 
ment by lime or other chemicals. The resultant dried prod 
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uct, having a solids concentration that can be predetermined 
to be between 10% and 99% dry, is thereby produced. The 
gas scrubbing can eliminate or at least very Substantiallv 
reduce noxious odors. 
0075. The system described herein stabilizes sludge in a 
virtually sealed environment, which helps to control offen 
sive odors, withdrawn gasses and particulates while allow 
ing the operator the flexibility to produce a friable end 
product that is more preferably between 50% and 99% dry 
Solids. 
0076. The system can also be manually operated, as 
described above. 
0077. If it is desired in operating the system to produce a 
finished product having a concentration for example 
between 75% and 99% dry solids, the sewage sludge will be 
retained within the drum or thermal reactor for a period of 
time, adding heat until the final products Solids concentra 
tion reaches the predetermined desired concentration. 
0078. When it is desired to also treat the sewage sludge 
with lime, sufficient lime is added to raise the pH of the 
sewage sludge to above 12.0 for a predetermined period of 
time, to further reduce vector attractiveness, and enhance the 
stability of the finished product, even at a lower solids 
concentration than that described above. 
0079. To the extent that the addition of heat and chemi 
cals may result in the generation of gasses and particulates, 
such can be removed by the scrubber 53. 
0080 Thus, an apparatus, process and system is provided 
for stabilizing sewage sludge, wherein an inventory of 
sludge is accumulated at Some known or estimated Solids 
concentration, prior to being fed into the evaporator drum. 
The sewage sludge is thus initially fed into the reactor drum, 
heat is applied and as moisture is removed, additional 
sewage sludge is then added to the drum. After stabilization 
has been completed, additional conditioning may be accom 
plished through further moisture reduction cooling, size 
reduction and eventually the conveving of the solids to 
storage. The off gasses are conditioned to remove any 
objectionable characteristics. The stabilization of the sewage 
sludge is thus achieved through thermal conditioning. The 
sludge is heated in the evaporator drum to or above a 
predetermined temperature, for a predetermined time until a 
predetermined solids concentration between 45% and 99% 
drv solids is achieved. Alternatively, the stabilization of the 
sewage sludge is achieved through the thermal conditioning 
to or above a predetermined temperature for a predetermined 
period of time and chemical(s) are added to stabilize the 
sewage sludge at lower Solids concentrations. 
I0081. The contents of the evaporator drum are monitored 
through the use of mathematical formulas, which may be 
further enhanced through data that is accumulated from the 
load cells or other gravimetric devices, to control the stabi 
lization process or system. 
I0082 In drawing off moisture, such can be done at a 
variable rate which maximizes the moisture removed, while 
not removing excessive heat from the drum. 
I0083. In accordance with this invention, the system pro 
vides an economical method of stabilizing sewage sludge 
that can be fully automatic, thus enabling the system to take 
advantage of off-peak energy rates and processing which 
system can be operated in an unattended manner, thereby 
also reducing the costs of manpower. 
I0084. It will be apparent form the foregoing that various 
modifications may be made in the apparatus described 
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above, as well as in the process steps, as may suggest 
themselves to those skilled in the art, upon a reading of this 
specification, all within the spirit and scope of the present 
invention as defined in the appended claims. 
What is claimed is: 
1. Apparatus for treating sewage sludge by driving and/or 

pasteurizing and/or otherwise chemically treating material 
comprising sludge and any added ingredients comprising: 

(a) a drum: 
(b) sludge delivery means connected to the drum for 

delivering sludge to the drum, 
(c) means for tumbling the material within the drum; 
(d) means for heating the material in the drum; 
(e) exhaust means for drawing off moisture gases being 

evaporated from the material in the drum: 
(f) discharge means for discharging the treated material 

from the drum; 
(g) at least one weight-responsive member on which the 
drum is mounted; 

(h) control means connected to said weight-responsive 
member(s) whereby the solids content of the treated 
material can be determined by measuring the difference 
in weight of material in the drums before and after 
moisture is drawn off from the material, prior to dis 
charge of treated material from the drum. 

2. The apparatus of claim 1, including programmed com 
puter means as part of said control means connected to said 
delivery means and said discharge means for treating sew 
age sludge in a batch operation. 

3. The apparatus of claim 1, including programmed com 
puter means as part of said control means connected to said 
delivery means and said discharge for treating sewage 
sludge in a pulsed operation. 

4. The apparatus of claim 1, including programmed com 
puter means as part of said control means connected to said 
delivery means and said discharge means, for treating sew 
age sludge in a continuous operation. 

5. The apparatus of claim 1, wherein the drum is station 
ary, and has a rotatable shaft therein, with a plurality of 
rotatable plates therein carried by the shaft for engaging 
material in the drum and facilitating the tumbling of the 
material, including means for rotating the shaft. 

6. The apparatus of claim 5, wherein the means for 
heating the material in the drum includes means for heating 
the plates. 

7. The apparatus of claim 5, wherein the stationary drum 
has a generally cylindrical inner wall, 

8. The apparatus of claim 5, wherein the plates are 
generally disk-like. 

9. The apparatus of claim 5, wherein the plates comprise 
segments of a disk. 

10. The apparatus of claim 5, wherein the shaft and plates 
are generally hollow, with means for applying heat thereto. 

11. The apparatus of claim 10, wherein the means for 
applying heat comprises duct means for delivering heated 
fluid thereto. 

12. The apparatus of claim 7, wherein the plates have 
peripheries that are spaced from the cylindrical inner wall of 
the drum. 

13. The apparatus of claim 5, wherein there are provided 
material pusher means disposed between adjacent plates for 
mixing material in the drum by pushing material as the 
plates and shaft rotate in the drum. 
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14. The apparatus of claim 7, wherein there are provided 
material pusher means disposed between adjacent plates for 
mixing material in the drum by pushing material as the 
plates and shaft rotate in the drum, wherein the pusher 
means comprise generally planar ribs between adjacent 
plates for rotation therewith in close proximity to the cylin 
drical inner of the drum for scraping material from the 
cylindrical inner wall of the drum. 

15. The apparatus of claim 7, wherein there are provided 
material pusher means disposed between adjacent plates for 
mixing material in the drum by pushing material as the 
plates and shaft rotate in the drum, wherein the pusher 
means comprise rods disposed between adjacent plates, for 
rotation therewith. 

16. The apparatus of claim 1, including lime delivery 
means for optionally delivering lime as an added ingredient 
to the drum for optionally pasteurizing the sludge, and 
wherein the sludge delivery means and the lime delivery 
means are independently operated by said control means. 

17. The apparatus of claim 1, including means for deliv 
ering chemicals for chemical treatment of sludge in the drum 
and wherein the sludge delivery means and the means for 
delivering chemicals are independently operated by said 
control means. 

18. The apparatus of claim 1, wherein said exhaust means 
includes a scrubber for treating gases drawn of the material 
being treated. 

19. The apparatus of claim 1, wherein the discharge 
means includes a plurality of discharge gates and means for 
operating the discharge gates. 

20. The apparatus of claim 19, wherein the discharge 
means include a discharge conveyor disposed for receiving 
material discharged via the discharge gates. 

21. The apparatus of claim 1, wherein said at least one 
weight-responsive member includes a plurality of load cells 
Supporting said drum. 

22. The apparatus of claim 1, wherein the control means 
includes a computer for controlling said delivery means and 
said discharge means, as a function of the determination of 
solids content of the treated material via said at least one 
weight-responsive member. 

23. The apparatus of claim 1, wherein said control means 
includes manual means for controlling said delivery means 
and said discharge means as a function of the determination 
of solids content of the treated material via said at least one 
weight-responsive member. 

24. The apparatus of claim 5, wherein the drum has a 
generally cylindrical inner wall wherein the plates are gen 
erally disk-like, wherein the shaft and plates are generally 
hollow, with means for applying heat thereto, wherein there 
are provided material pusher means disposed between adja 
cent plates for mixing material in the drum by pushing 
material as the plates and shaft rotate in the drum, wherein 
the discharge means includes a plurality of discharge gates 
and means for operating the discharge gates, wherein the 
discharge means include a discharge conveyor disposed for 
receiving material discharged via the discharge gates and 
wherein said at least one weight-responsive member 
includes a plurality of load cells Supporting said drum. 

24. A method of treating sewage sludge by drying and or 
pasteurizing and/or otherwise chemically treating material 
comprising sludge and any added ingredients comprising: 

(a) providing a drum; 
(b) delivering sludge to the drum; 
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(c) tumbling the material within the drum; 
(d) heating the material in the drum; 
(e) drawing off moisture gases being evaporated from the 

material in the drum. 
(f) discharging the treated material from the drum; 
(g) providing at least one weight-responsive member on 
which the drum is mounted; 

(h) measuring the difference in weight of material in the 
drum via the at least one weight responsive member, 
before and after moisture is dragn of from the material 
prior to discharge of treated material from the drum 
whereby the solids content of the treated material can 
be determined. 

26. The method of claim 25, wherein said delivering and 
discharging steps include treating sewage sludge in a batch 
operation. 

27. The method of claim 25, wherein said delivering and 
discharging steps include treating sewage sludge in a pulsed 
operation. 

28. The method of claim 25, wherein said delivering and 
discharging steps include treating sewage sludge in a con 
tinuous operation. 

29. The method of claim 25, wherein the drum is main 
tained Stationary, and rotating a rotatable shaft therein, with 
a plurality of rotatable plates therein carried by the shaft and 
engaging material in the drum and facilitating the tumbling 
of the material. 

30. The method of claim 29, and heating the material in 
the drum by heating the plates. 

32. The method of claim 30, wherein the heating of the 
plates comprises delivering heated fluid through ducts in the 
plates. 

33. The method of claim 29, wherein the tumbling step 
includes mixing the material in the drums by pushing 
material as the plates and shaft rotate in the drum. 

34. The method of claim 33, including the step of scraping 
material from a cylindrical inner wall of the drum. 

35. The method of claim 5, including optionally deliver 
ing lime as an added ingredient to the drum for optionally 
pasteurizing the sludge. 

36. The method of claim 25, including delivering chemi 
cals for chemical treatment of sludge in the drum. 

37. The method of claim 25, wherein the drawing off step 
includes scrubbing gases drawn off the material being 
treated. 

38. The method of claim 25, wherein the discharging step 
includes opening a plurality of discharge gates. 

39. The method of claim 38, wherein the discharging step 
includes providing a discharge conveyor disposed for 
receiving material discharged via the discharge gates. 

40. The method of claim 25, wherein the step of providing 
at least one weight-responsive member includes providing a 
plurality of load cells Supporting said drum. 

41. The method of claim 25, including the step of con 
trolling said delivering and discharging steps as a function of 
the determination of solids content of the treated material via 
said at least one weight-responsive member, through a 
computer. 

Apr. 10, 2008 

42. The method of claim 25 including the step of manually 
controlling said delivering, and discharging steps as a func 
tion of the determination of solids content of the treated 
material via said at least one weight-responsive member. 

43. A system foli treating sewage sludge comprising a 
sludge storage silo, means for conveying sludge from the 
silo into a treatment drum, means for tumbling the sludge 
within the drum, means for heating, the sludge in the drum 
to evaporate moisture from the sludge, means for drawing 
off moisture gases from the sludge in the drum means for 
discharging sludge from the drum into a take-off conveyor, 
means for conveying, treated sludge through the discharge 
conveyor into a hopper, a hopper for receiving sludge from 
the discharge conveyor, at least one weight-responsive 
member on which the drum is mounted, and control means 
connected to the weight-responsive member(s), whereby the 
solids content of the treated material can be determined by 
measuring the difference in weight of the material in the 
drum, before and after moisture is drawn off from the 
material, prior to discharge of treated material from the 
drum. 

44. The system of claim 43, wherein the control means 
includes a programmed computer. 

45. The system of claim 43, including a gas scrubber for 
treating moisture drawn off from the drum, connected to the 
drum for receiving moisture therefrom. 

46. The system of claim 43, including a thermal fluid 
heater, for heating a medium that in turn Supplies heat to the 
drum for heating components thereof for evaporating mois 
ture from sludge in the drum. 

47. The system of claim 43, including means associated 
with said take-off conveyor for cooling sewage sludge in the 
take-off conveyor that has been delivered thereto from the 
drum. 

48. The system of claim 43, including a lime storage silo 
and means for delivering lime from the silo into the drum. 

49. The system of claim 43, including means for storing 
chemicals, and deliver means for delivering chemicals from 
the storage means, into the drum, for assisting in the 
treatment of sewage sludge in the drum. 

50. The system of claim 43, wherein the control means 
includes a programmed computer, including a gas scrubber 
for treating moisture drawn off from the drum, connected to 
the drum for receiving moisture therefrom, including a 
thermal fluid heater, for heating a medium that in turn 
Supplies heat to the drum for heating components thereof for 
evaporating moisture from sludge in the drum, including 
means associated with said take-off conveyor for cooling 
sewage sludge in the take-off conveyor that has been deliv 
ered thereto from the drum including means for storing 
chemicals, and delivery means for delivering chemicals 
from the storage means, into the drum, for assisting in the 
treatment of sewage sludge in the drum. 


